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SUMMARY

A flight investigationwas conductedto determinethe
lateral-controlcharacteristicsof retractableailerofis
installedon a highly taperedwing. The effectivenessof
the ailerons in producing roll was measuredat various air
speeds with full-spanplain flaps both neutral and de-
flected45°. The directionof the yawing moment created
by the aileronswas also noted.

The lateral controlprovided by the retractableai~era
ons used in this investigationwas approximatelythe same
as that obtainedwith ihe plain ailerons of equal span with
which the airplane was previouslyequipped. The amount of
controlavailablewas found to he somewhatinadequate,ap-
parently %ecause of the rather short span of the ailerons
(0.32’7of the wing span). Zt is likely that, with an ai-
leron span of from 0.50 to 0,60 of the wing span, a satis-
factory degreo of controlwould be obtained. With the
full-spanflaps deflected45°, the rollingaction of the
aileronswas increased shout 30 percent over that obtained
with the flaps neutral at the same speed, The yawing mo--
ment producedhy the aileronswas in the same sense‘as the
rolling moment, i.eg, right roll was accompaniedby right
yaw, Lag in the responseof the rollingaction to control
applicationwas not large enough to be noticed by the pi-
lots. No appreciablecontrolforce was apparentto the i
‘pilots,which was consideredsomewhatundesirable. Minor
modificationsin the design of the ailerons,however,would
proba%ly correct this fault.

INTRODUCTION

With ailerons of the conventionaltype extendingover
a considerableportion of the wing trailingedges it is
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generallypossible to use only partial-spanflaps. !i?he
need for the greater effectivenessafforded%y full-span
f-lapsis increasingas airplanewing loadings increase
and, as a result, considerableattentionis being directed
to the problem of developinglateral-controldevices *hat
tvillpermit the use of full-spanflaps~ .

One of the most promistagof the lateral-controlde-
vices proposed thus far is the retractableaileron. This
device has been tested both in flight (reference1) and in
the wind tunnel (reference2) on, rectangularwings with
full-spanflaps and was found to comparevery favorably
with conventionalailerons.

The ,presentinvestigationwas made to determinethe
characteristicsof retractableaileronswhen installedon
a highly taperedwing. !I!heeffectivenessof the ,ailerons
in producingroll Was measuredfor abrupt full deflections
at variousair speeds,and the variationof rollingaction
with aileron displacementat constantair speedwas deter-
mined. The initialyaw resultingfrom deflectionof the
aileronswas also measured. The testswere made with
flaps %oth neutraland deflected.

APPAIMTUS

~he airplaneused in the ~resent tests was a modified
Fairchild22, a.smalllow-wingmonoplanewith a highly
taperedwing. Figure 1 is a photographof the airplane,
and figure 2 is a sketchof the plan form of the wing.
The pertinentdimensionalcharacteristicsof the tvingar6
given in table.1.

The wing was fittedwith full-spanplain flaps haying
a chord 0.23 of the Wing chord over the in%oard section
and a chord 0.20 of the wing chord over the outboard sec-
tion. . ~

The retractableaileron‘isshown,infigure3. This
aileronconsistedof two curvedaluminum-alloyplates ~an-
gent at their lower edges and separatedat theirupper
edges by a f311er block, as shown h figure 4. In the
neutral po$ition,the aileronwas enclosedwithin the wing,
the upper edge lying flush with the wing upper surface.
When actuated,the aileron rotated out of the wing about
an axis coincident‘withthe center of curvatureof its
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forward surface. The oppositeailaron retractedslightly
into the wing by virtue of an extreme differentiallinkage
sy~tem. The aileron had a span 0.327 of the wing span and,
in the fully extendedposition,projecte~0.Z05 of the wing
chord above the wing upper surface. The’”differentialmo-
tion of the aileron,is given in figure 5.7..

The followingstandardH.A.O.A. recordinginstruments
were used to obtain the necesgarydata: two angular-velocity
recorders,one arranged to measure rolling velocityand the
other to measure yawing velocity:a control-positionre-
corder connectedto the ailerons:an air--spe&drecorder:
and a timer.

,.
TESTS

,. .. —.__ .— .— —

The tests consistedin recordingthe angular velocf-
.tiesof roll and yaw, the position of the ailerons,and
the air speed over a period of several secondsduring
which.the control stickwas moved abrtiptlyto the right
from tts neutral posttion. Zhe rudderwas held neutral
throughoutthe maneuver,which was startedwith the air-
plane in-a steady glide. The durationof the recordswas
sufficientto assure the Attainmentof maximum rolling
velocity. .,

Recordsmere taken for full aileron deflection,at
various air speeds between 70 and 100 miles per hour with
the flaps neutral and betmeen 58 and 75 miles per hour
with the flaps down 450. Tests were also made in which
the aileronswere deflectedto variouspositionsbe~ween
neutral and full deflectionat given air speeds (70 and
100 miles per hour w~~h the flaps neutral and 58 an”t’75
miles per hour with the flaps down) in order to determine
whether or,not the’aileronshad any undesirablechar&cter-
istics in the relationbetween rollingactio?.rand aileron
deflection,

The maximumangular velocitiesof roll resultingfrom
deflectionof the aileronswere read directlyfrom the rec-
ords. ?&ximum rolling accelerations~ere determinedby
graphical differentiation and the’angles of bank at.ta”ined:
1 second after the init3&lmovement~“fthe aileronswere..,
determinedby mechanicalintegrationof angular velocity-
time curves. The rollingmoment and the rolling-moment
coefficientswere evaluatedfrom the &ija furnished”bythe
records in accordancewith the method describedin,refere-
nce 10
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Comparisonof the time at which aileron movementwas
startedwith the time at which the rollingmotion started
provided a measure of the lag of ironingresponseto con-
trol application.

The yawing-velocityrecordswere used only as a means
of determiningthe direction-of the initialyawing motion.
caused by the ailerons.

RESULTSAND DISCUSSION

The results of the tests of both the plain-wing(or
flap-neutral)and the flap-downconditionsare presented.
in figures 6 to 9. Figure 6 shows the variationwith air
speed of the maximum angular velocityand accelerationof
roll resultingfrom’full aileron deflection, In figure 7,
the angle of-rollattainedin 1 secondfollowingabrupt
full aileron deflection:is.plottedagainst air speed. The
variationof rolling-momentcoefficientwith lift coeffi-
cient is given in figure 8. In figure 9, the variRtionof
maximum angular velocityof roll with aileron deflection
is shown at two air speedsfor each wing condition.

The.present retractable-aileroninstallationwas gen-
erally considered%y the pilots to be unsatisfactoryowing
to insufficientlypowerful rol13ng action. The results
derived fromthe instrumentrecordsconfirmedthis impres-
sion, particularlyin the lower end of the speed range
testes. “

Unfortunat-ely,there are no quantitativeflight-test
data for conventionalaileronson a highly taperedwing .
that are directlycomparahl.ewith the resultsfrom the
present retractable-ai.lorontests. Although the wing was
equippedwith 25-percentmean-chordplain aileronsprior
to the installationof the retractableailerons}the t3f-
foctivenessof the plain ailerons in producingroll was
not measured. Pilot~~observations,however, indicated
that there was little choice,as regardsrollingeffective-
ness, %etweenthe plain and the retractableailerons,which
were of approximatelythe’same span. It thereforeappears
that the inadequacyof the retractableaileronsused in
this investigationwas due to insufficientspan rather than
to any weaknesspeculiar to this t~e of aileron.

Calculationsbased on the resultsof the present tests

.

:
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and using the data and the methods of reference3 indicateti
that satisfactorycontrolfor the airplane testedwould be
provided if the retractableaileron span were increasedto
between 50 “and60 percent of the wing span. Very nearly
the qame span would proba~lyalso be requiredwith plain
ailerons. In the case of the retractableailerons,there
is no obviousohjeqtionto the use of.almostany aileron
span desiredif suitableprovisionsare made in the wiug
design. With conventionalailerons,on the other hand,
any increase in aileron span Iyoula generally result ilt
the curtailmentof flap span.

The aileron arrangementthat has servedhithertoas
the stanaardof comparisonfor the Committees flight re-
search on lateral-controldevices is the unsealedplain
aileron having a chord 18 percent of the wing chor~ and
extendingalong the entire spa of a rectangularwing.
The resultsof flight tests of this arrangement,which was
found to provide satisfactorylateral control for an air-
plane of the type under consideration,are reportedin
reference4. Comparisonof the results from reference4
with those for the plain-wingconditionof the present
tests revealedthat, for a given speed at the low end of
the speed-rangetestes, the maximum rolling acceleration
produced %y the retractableailerons (fig. 6) was only 40
percent of that obtainedwith the standardailerons. The
moment of inertiaof the taperedwing Used in the present
investigation:+however,was about 25 percent greater than
that of the standardrectangularwing so,that,for the
same moment of inertia,the differencein rollingaccel-
erationwould have been al)out50 percent. The retraceable
ailerons gave 65 percent of the m~imum a+gu~ar velocity
obtainedwith the standardplain ailerons. The angle of
roll 1 secondafter contro~ application (fig. 7) was, as
woula be expected,about half of that attainedwith the
standardaileronsand about two-thirdsO* the value (15°)
given in reference3 as representingthe minimum satisfac-
tory degree of control for a light airplane.

The effectivenessof the retractableailerons tn-
creased much more rapidly ~i~h increasing speed thau that
of the standardplain ailerons. Thus, at the highest
speed tested, the differencein maximum rollingaccelera-
tion was reduces to about 20 percent. (With -thesame mo-
ment of inertia,the values for the two aileronswould be
very nearly equal.} The maximum rollingvelocitywas 15
percent and the angle of roll attainedin 1 seconawas 25
percent less than the values obtainedwith the standard
plain ailerons. —
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The large variationin rollingeffectivenessexhib-
ited by the combinationof retractableaileronsand ta-
pered wing is more apparentin figure 8 where it is shown
that, at the highest lift-coeff-icionttested (CL = 1.2),
the rolling-momentcoefficientwa”sonly-halfof that at
the lowest lift coefficient (CL = 0.6). For ailerons—
mounted on rectangularwings, on the other hand~ the roll- .
ing-montentcoefficientis, in general, relativelyconstant
within the unstalled-flightrange. The rolling--momentco-
efficientof the retractableaileronswas about half that
of the standardplain aileronsat the’highest lift coeffi-
cient hut was slightlygreater than that of the standard
aileronsat the lowest lift coefficient.

The effect of a 450’deflectionof the full-spanplain
flaps on the rollingaction of the retractableailerons ‘
for full deflectionis shown in figures6 to 8. The re-
sults plotted in these figures ehow,thatthe flaps increase
the effectivenessof the aileronsabout 30 percent for a
given air speed or Itft coefficient. It will be noted
that the rollingaction at the lowest speed obtainedwith
the flaps down was approximatelythe shmk as that obtained
with the flaps neutralat the Zowest speed for this condi-
tiozr. This result indicatesthat, for a wing and flap ar-
rangementsimilarto the one used in this investigation,
retractableailerons designedto provide satisfactorycon-
trol,throughoutthe speed range for the plain-wingcondi-
tion would probablybe adequate in the lower speed range ‘
availablewith full-spanflaps~

From the resultspresentedin figure 9, it is believed
that the relation~etween rollingaotion and aileron de-
flectionis sufficientlycloee to directproportionality
to be satisfactory.

The existenceof a lag of a%out one-tenthsecond in
the responseof roll~ngaction to aileron d.isplacoment
was detectedfrom the instrumentrecords. This lag, how-
ever, was not evident to the pilots;hence, it is proba%ly
not an objectionable”feature.

The directionof the initialyawing motion (with re-
spect to airplaneaxes) resultingfrom deflectionof the
aileronswas of-the same sense as the roll for all the
conditionstested.

..
It Was ~ticipated that the sectionalform of the ai.-

Ieron with its flat upper edge and eccentricrearward sur-
-.
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faco (see fig. 4) would provide a small hut definiteaero-
dynamic hinge moment and, hence,,somedegreo of ‘Ifeolltin
the control;‘butthis expdct.dtion”wasnot “rb.dized. The’
pilots reportedthat thorawas no approciatilostick ~orce’
and littlw tendencyfor the“stickto return to neutral.
This lack of sttck force,which appears to be the primary
objoctionta the use of’retractable’ailerons on small air-
planes, can be overcomeby increasingthe width of the up-
per edge of the aileron. Such a solutionwould have the
added advantageof permittin-gthe use of a lower hinge
axis (possiblyconcealedwithin the wing) without a reduc-
tion in the effectiveheight of the aileronwhen fully de.-
flec%od.

CONCLUDINGRZMARKS

The retractableailerons tested in this investigation
gave alproxima~elythe same degree of control as the plain
ailerons of equal span with which the airplanewas previ-
ously equipped. The amount of controlavailablewith the
re$rac’tableaileronswas not sufficientto be considered
Satisfactoryowing, apparently,to their rather short span
(0.327 of the wing span]. With the aileron span increasea
to between 0.50 and 0.60 of the wing span, a satisfactory
degree of controlwould probably be obtained.

The full-spanflaps, when aeflected45°, increased
the effectivenessof the ailerons at a given air speed
about 30 percent over that with the flaps neutral.

For all conditionstested, the directionof the,yaw-
in~ moment (referredto airplaneaxes) due to the ailer-
ons was in the same sense as the rolling moment, i.e.,
right aileron deflectionresulted in right yaw.

Lag in the responseof rol~tngaction to control
manipulationwas too ~mall tO be noticed %y the pilots and
thereforewas not objectionable.

The hinge moment of the aileronswas too light to
provide any feel in the control.stick,but this somewhat
undesirablefeature can be removedby minor modifications
in the aileron design.

Langley MemorialAeronauticalLaboratory,
NationalAdvisory Oommitteefor Aeronautics,

Langley Field, Vs., May 1, 1939.
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TABLE I

CHARAGTXRISTICSOF THE MODII?IED

FAIRCHILD22 AIRPLANE

Wing

Area (S) . . . . . . . . . ...” . . ..114sq. ft.

Span (h) . . . . . . . . . . . . . .0 34 fii●

Root chord (Car ). . . . . . . . . . . . 5 ft. 8 in.

Tip chord. (C*) . . . . . . . . . . . . 1 ft. l--3/4in.

Aspect ratio . . . . . . . . . . . . . 10

Taper ratio . . . . . . . . . . . . , . 5

Wing section:
At root 98.**. .*** ~--N.A.C.A.23015
At tip ...”.”. . ...’.... . . N.A.12.A.23009

Dihedral angle . . ~.. .. . . . . . . . . 5-1/2°

Flan

Inboard section Outboard section

Type. . . . . . . . . Plain. . . . . . . Pla%n
.

Span (each side) , . . 2 ft. 9-1/2 in. . . 12 f%. 9 in.

Chord. . . . . . . . 0.23 cW .. . . . . 0.20 Cw

Maximum deflection. -. 450. . ● . . . ● . 45°

Ailerons

Span (each) . . . . . . . . . 5 ft. 6-3/4 in. (0.327b/2)

Maximum deflection:
up . .. . . . . . . ,, . . . . . . ● 0.105 Cw
Down . . . . . . . . . . . . . . . . 0.028 Cw

wQk_k.3Q

.

Gross wetght . . . .. . . . . . . . . . . . 1,720 lb.
Moment of inertiaalout longitudinalaxis .. 884 slug-ft.s
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